A rapid and convenient spectrophotometric method for determination of amino group was developed using the bifunctional reagent glutaraldehyde and water-soluble tetrazolium XTT. The method is based on the formation of XTT formazan by the reduction with dihydropyridine that generates in the reaction of glutaraldehyde with amino group. Only 5 min was required for an assay. The detection limit of lysine was 1 nmol/assay. When the method was applied to the determination of protein, the detection limit was 1.1 g/assay for BSA. Satisfactory recovery data were obtained when casein was added to commercial milk (99-101%).
The quantification of amino group is important in numerous biological fields. Many of the existing methods for this purpose are based on the nucleophilic character of the aminic nitrogen. Among these, methods using nitrobenzenic derivatives such as 1-fluoro-2,4-dinitrobenzene (Booth, 1971 ) and 2,4,6-trinitrobenzene-1-sulfonic acid (TNBS) (Sashidhar et al., 1994; Adler-Nissen, 1979; Cayot & Tainturier, 1997) are very popular. The last reagent is specific for primary amino groups. The scope of this method in food technology is very broad. For example, it was used to quantify the degree of proteolysis during maturation of cheese (Bouton & Grappin, 1994) , the degree of hydrolysis of soy protein and gelatin (Adler-Nissen, 1979) , and the extent of the Maillard reaction (Renn & Sathe, 1997) . Moreover, this reagent has been successfully used for the quantitation of protein in microgram quantities and the technique has been found to be more sensitive than either the Lowry or the Bradford method (Hazra et al., 1984) . The procedure is very simple: the protein is allowed to react with TNBS in a buffered medium, giving N-trinitrophenyl-protein derivatives, the concentration of which is evaluated by molecular absorption spectroscopy. However, the procedure is generally time-consuming and a relatively long time (15-120 min) was required for each determination (Eklund, 1976; Hernandez-Herrero et al., 1999; Mokrasch, 1967; Snyder & Sobocinski, 1975) .
We previously developed a method of amperometric measurement of protein using the bifunctional reagent glutaraldehyde (Ukeda et al., 1986) . This was based on monitoring oxygen consumed in the reaction of glutaraldehyde with a compound containing amino groups as amino acids and protein with a Clark oxygen electrode. Amperometric methods are relatively simple and thus this technique could be readily automated (Ukeda et al., 1987) , however, the detection limit was insufficient for its application to food technology. To improve the sensitivity, in the present investigation the method was modified using a novel tetrazolium salt XTT, 3¢-[1-[(phenylamino)-carbonyl]-3,4-tetrazolium]-bis(4-methoxy-6-nitro)benzenesulfonic acid hydrate. The principle is shown in Fig. 1 . When glutaraldehyde reacts with amino group, dihydropyridine has been believed to form (Ukeda et al., 1986; Johnson, 1987) . In our previous method, the dihydropyridine was oxidized with molecular oxygen. Here, instead of oxygen, XTT oxidized dihydropyridine to pyridinium salt and water-soluble XTT formazan formed by the reaction was spectrophotometrically determined.
Materials and Methods
Reagents Glutaraldehyde (70% aqueous solution) was purchased from Taab Laboratories Equipment (Berks, U.K.). XTT, N ␣ -acetyl-lysine, bovine serum albumin (BSA; A-7030), hemoglobin (H-2500), cytochrome c (C-3131), and ␣-lactalbumin (L-5385) were obtained from Sigma (St. Louis, MO). Casein (casein sodium: nutrose) was obtained from Nacalai Tesque (Kyoto). All other chemicals were of the highest grade available and were used without further purification. All solutions were prepared with water purified by a Milli-Q system (Millipore, Tokyo).
Determination of amino group by XTT method The assay was performed in a 96-well microtiter plate using an 8-channel adjustable volume pipette. In the standard procedure, each well contained 160 l of 0.5 mM XTT prepared with 0.2 M potassium phosphate buffer (pH 8.0) containing menadione at the saturation level (ca. 0.55 mM) and 20 l of 5% glutaraldehyde solution prepared with 0.2 M potassium phosphate buffer (pH 7.0). After 20 l of a sample solution containing amino groups was added into the reagent solution and mixed in a microplate shaker for 10 s at a speed of 500 rpm, the absorbance at 492 nm against that at 600 nm was read on a microplate reader (MPR A4i, Tosoh, Tokyo). The change in the absorbance for 5 min was used for the determination. Each amino acid was dissolved in water.
Recovery test of casein added to milk Commercial milk was acidified to pH 3 to remove a part of the casein fraction. After centrifugation of the acidified sample, the pH of the supernatant was adjusted to 7 and a known amount of casein was added into it. The concentration equivalent to casein of each sample was estimated using the calibration curve of standard casein solution. The recovery (%) was calculated based on the difference in the observed concentration between the samples with and without addition of casein.
TNBS method The determination of amino group by TNBS method was carried out according to Sashidhar et al. (1994) .
Results and Discussion
Optimization of determination conditions To optimize the reaction conditions, the effects of the concentration of glutaraldehyde, XTT and menadione on the formation of XTT formazan were examined using glycine. The increase in glutaraldehyde concentration increased the formation of the formazan and a tendency to level off was recognized above 2% (data not shown). Figure 2 depicts the effect of the concentration of XTT. A rapid increase in the formation of the formazan was observed in the concentration up to 0.25 mM. In our previous paper, menadione was shown to accelerate the oxygen consumption in the course of the reaction between amino group and glutaraldehyde. In the present method, the addition of menadione also accelerated the formation of the formazan (data not shown), though the extent was clearly lower than the effect on the oxygen consumption found previously (Ukeda et al., 1986) . The effect of the reaction pH on the formation of formazan was investigated using N ␣ -acetyl-lysine, glycine, asparagine, leucine and serine in the pH range 6-10. As a typical result, the pH dependence for N ␣ -acetyllysine is shown in Fig. 3 . A maximal formation of the formazan was obtained around pH 8. Similar dependency was recognized for other amino acids (data not shown).
From these results, the optimum condition was concluded to be as follows: the reaction pH, 8.0; glutaraldehyde concentration, 5%; XTT concentration 0.5 mM; menadione concentration, saturation level (ca. 0.55 mM).
Determination of amino acids and peptides The time course of the formazan formation in the determination of glycine is shown in Fig. 4 . The absorbance change continued over more than 1 h. When the calibration curves obtained by the absorbance change for 5 min and 20 min were compared, the reaction time of 5 min was chosen due to a wider linear range and higher rapidity in subsequent experiments.
Various kinds of amino acids were determined under the optimized conditions. The relationship between the concentration of glycine and the absorbance change is illustrated as an example (Fig. 5) . The linear range, slope and linearity of each calibration curve of those amino acids are summarized in Table 1 . As clearly shown, the slope of each amino compound varied with the structure. Among all the examined amino compounds, lysine, N ␣ -acetyl-lysine, glycine, arginine, taurine and carnosine showed the greatest slope and histidine, glutamic acid, serine, threonine, aspartic acid and glycylglycylglycine showed the least. Proline was not detected. By a comparison of lysine with N ␣ -acetyllysine, it can be seen that e-amino group is much more reactive than ␣-amino group. Taurine and carnosine also gave relatively higher slope and thus ␤-amino group was suggested to have higher reactivity than ␣-amino group. Since acidic amino acids such as glutamic acid and aspartic acid showed very small slopes, the presence of carboxylic acid bound to ␣-carbon atom likely lowers the reactivity.
The detection limit of lysine most sensitive among examined amino acids was 1 nmol/assay and the reproducibility was better than 3.5% (nϭ4: for N ␣ -acetyl-lysine). In the TNBS method, the linear range of the calibration curve of most amino acids was 0.05-0.25 mM. Amino acids which show relatively higher sensitivity in the present method, as shown in Table 1 , have a linear range of 0.05-5 mM. Therefore, the present method for those amino acids has a comparable detectability to the TNBS method and a wider linear range than the method.
Determination of proteins The high sensitivity for e-amino group described above means that the present method has a high applicability to the determination of protein. We determined four kinds of proteins using the optimized conditions ( Table 2 ). The calibration curve of BSA is shown in Fig. 6 as an example. The detection limits of BSA and hemoglobin were 1.1 g/assay and 1.3 g/assay, respectively. The absorbance change was plotted against the concentration of e-amino group in each protein and their slopes were compared with N ␣ -acetyl-lysine. The highest slope was found in hemoglobin, but the value relative to N ␣ -acetyl-lysine was 0.68. The slopes of BSA, lactalbumin and cytochrome c were in the range of 0.36-0.40. This finding indicates that a certain portion of e-amino groups in those proteins failed to react with glutaraldehyde. Although several possibilities to explain this can be considered, possible reasons would be a crosslinking between neighboring e-amino groups with one glutaraldehyde molecule and steric hindrance of some portions of amino group.
Applicability of the present method to practical food samples was examined by performing a recovery test of milk protein casein using commercial milk. After part of the casein was removed from a milk sample, a known amount of the substance was added to the sample. As shown in Table 3 , satisfactory recovery data (99-101%) were obtained, suggesting that the present method might be applicable to practical milk samples.
Conclusion
The method of amino group determination described in this paper has several advantages over the TNBS method commonly used in the field of food technology. The reaction time for the determination (5 min) is remarkably shorter than the TNBS method (25-120 min). The wavelength for the detection (492 nm) is longer than the method (340-420 nm), meaning that the present method may be more selective than the TNBS method. Also, the reaction pH (pH 8.0) is more neutral than the conventional TNBS method (pH 8.2-9.3) and thus a secondary change of a sample could be avoided during the determination. Therefore, the present method appears feasible and practical for the determination of amino acids and proteins in foods. 
